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論 文 要 旨 
 
 
 Phreatoplinian eruption is one of the types of phreatomagmatic eruption of felsic magma. 
This type of eruption does not occur by contact between external water and molten magma, but rather 
by contact between external water and vesiculated and fragmented magma produced by magma vesiculation 
and fragmentation. Surtseyan eruption, one of the phreatomagmatic eruptions of mafic magma, has been 
studied by many observations and experiments, but phreatoplinian eruption has not been observed to 
date. Thus, there is no existing experience for reproductive experimentation, and the mechanism, 
process, etc. of phreatoplinian eruption have not been clarified. This study aimed to clarify the 
actual conditions of phreatoplinian eruption, based on a field survey and the material science of 
eruptive ejecta of the Heian eruption of Towada volcano, Northeast Japan.  
 
 The Heian eruption (eruptive episode A), which occurred in the 10th century A.D., is the 
latest activity of Towada volcano. The activity included both magmatic and phreatomagmatic eruptions 
that produced deposits of corresponding facies. It has been proven that the Heian eruption started 
with a magmatic eruption that was followed by a phreatomagmatic eruption, that the 
magmatic–phreatomagmatic cycle then repeated once, and that the eruption was concluded by the effusion 
of a large pyroclastic flow. This eruption sequence has been constructed on the basis of our new 
recognition of the second phreatomagmatic deposits in the proximal area (OYU-4) and correlation of 
the proximal base surge deposits (OYU-S) with the distal phreatomagmatic deposits (OYU-2). The Towada 
caldera, including the vent of the Heian eruption (Nakanoumi caldera), is interpreted to have held 
abundant water, by the presence of cauliflower pumice, in the Heian Period. The Heian eruption 
indicates that the magmatic eruption did occur in the presence of abundant water in the early stage 
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of eruption and that it migrated to phreatomagmatic explosion as time passed. This eruption sequence 
provides evidence that silicic magma does not necessarily cause phreatomagmatic eruption even in the 
presence of sufficient water. 
 
 It has been reported that juvenile pumice lapilli found in plinian eruptions have high 
vesicularity, whereas those found in phreatoplinian eruptions have low vesicularity. However, 
juvenile glass shards from phreatoplinian eruptions consist almost entirely of glass from large, 
expanded bubbles, such as bubble-wall type glass. Unlike the pumice lapilli, these glass shards seem 
to possess high vesicularity. This study examined the factors causing this difference, focusing 
especially on the temporal variations in the vesicularity of the juvenile pyroclasts from the Heian 
eruption. This examination was conducted through four analyses: density measurement of pumice lapilli, 
thin section texture classification of pumice lapilli, classification of glass shards, and surface 
texture classification of pumice lapilli. Further, pumice lapilli from plinian eruptions have low 
density, and those from phreatoplinian eruptions are characterized by high density. The density of 
the pumice lapilli depends on the eruption style and is hence determined after the eruption. A 
progressive increase in the amount of large bubbles is observed in glass shards ejected during an 
eruptive magmatic-to-phreatomagmatic sequence. Because it does not hinge on the eruptive style, it 
is assumed that the vesicularity of the glass shards is retained from the conduit before contact with 
water, especially because of fragmentation by magma vesiculation in the conduit. The surfaces of the 
pumice lapilli show an increase in vesicularity with time similar to that of the glass shards. However, 
this increase is not successive throughout, but decreases temporarily at the phreatomagmatic stage 
of the eruption, as in the case of density. This indicates that successive bubble growth continues 
within the pumice and that additional vesiculation is superposed when the magmatic eruption comes 
into contact with water. Because of this, different juvenile clasts exhibit different vesicularities 
upon cooling. Interestingly, magma vesicularity increases before the magma comes into contact with 
water, i.e., before the transition to the phreatomagmatic stage. In fact, the magma–water ratio aside, 
this might be an important factor causing phreatomagmatic eruptions. 
 
 To consider how vesicularity may affect the occurrence of phreatomagmatic explosion, this 
study attempted to reproduce the phreatomagmatic explosion by solid magma and examined the effect 
of surface area of pumice clasts by a magma–water interaction experiment. The occurrence of explosion 
was observed by fine fragmentation, pressure wave, and a blast sound, based on the MFCI experiments. 
In total, more than 20 experiments were conducted with mafic melting magma, mafic solid glass, mafic 
rocks, felsic solid glass, and felsic pumice clasts, but explosive phenomena occurred only with mafic 
melting magma. In addition, fragmentation by quenching occurred only for solid glass. Therefore, for 
felsic pumice clasts, both explosion and fragmentation by quenching did not occur. These results might 
mean that phreatomagmatic explosion occurs in a very limited condition and that it is more difficult 
for it to occur with solid pumice clasts. Although phreatomagmatic explosion is considered to occur 
by MFCI, it might be controlled by a different mechanism in felsic magma. 
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 Phreatoplinian eruption produces extremely fine-grained ash particles, which is a typical 
characteristic and evidence of phreatomagmatic explosion. On the other hand, a few researchers have 
pointed out that plinian eruption produces a large quantity of fine-grained ash, the same as in 
phreatoplinian eruption, although a large quantity of the fine particles are lost in transport. Despite 
many grain size analysis having been performed for a number of eruptions, a conclusion has yet to 
be provided. These grain size analyses could not estimate distributions completely due to the amount 
of absence of essential deposits in distal areas, so there is some inaccuracy in the degree of 
fracturing for juvenile fragments. This study compared the degree of fracturing between plinian 
eruption and phreatoplinian eruption by only juvenile fragments at units OYU-1 and OYU-2b in the Heian 
eruptive sequence. By detailed field surveys, an isopach map of OYU-1 and a distribution map of OYU-2b 
were made. Samples were sieved to each grain size and separated into juvenile fragments, accidental 
lithic fragments, and free crystals. I made isograde maps for juvenile fragments and free crystals 
for each grain size, and calculated the eruptive weight of each. The fine-grained ash lost by the 
diffusion process in air was estimated by the crystal method, and we obtained the whole grain size 
distribution of only juvenile pumice fragments. As a result, the fine-grained ash lost was 86.0% of 
the existent coarse fragments left in the OYU-1 deposits and 64.6% in of that in the OYU-2b deposits, 
and the amount of ash finer than 500 µm in the total eruptive weight was about 85-87% for both OYU-1 
and OYU-2b. This result shows that there is little difference between plinian and phreatoplinian 
eruptive products for the amount of fine-grained ash produced, but there is quite a difference between 
Plinian and phreatoplinian eruptions in the amount of fine-grained ash that is conserved. This result 
is consistent with previous opinions that the large-volume production of fine-grained ash in 
phreatoplinian eruptions should be disputed and that the fine-grained ash in phreatoplinian eruptions 
is predisposed to be deposited by the effect of grain aggregation caused by external water.  
 
 From the field survey, experiment, and analysis results, this study advances the notion that 
phreatomagmatic explosion is not incurred in phreatoplinian eruption. Phreatoplinian eruption results 
not from phreatomagmatic explosion but rather from efficient incorporation of external water. The 
occurrence of phreatoplinian eruption is caused by the existence of both sufficient external water 
and sufficient heat transfer from magma to water with bubble growth.  
 In previous study, magmatic eruption has been regarded as eruption that is not affected by 
external water, and phreatoplinian eruption has been regarded as eruption that involves 
phreatomagmatic explosions. In addition, it has been regarded that the change of eruptive style depends 
on the magma–water ratio. This study shows that plinian eruption could occur under much external water 
and that phreatoplinian eruption could occur under the quite limited conditions. Although the 
magma–water ratio mentioned in previous work is important to the occurrence of phreatoplinian 
eruptions, the conclusions of this study suggest that magma vesicularity before contact with external 
water is also an important factor. 
 
(NO．4) 
別 紙 
 
論文審査の結果の要旨 
 
 高温マグマと水の接触により発生するマグマ水蒸気噴火では、低温相である水の急膨張による
爆発現象（MFCI：Molten Fuel-Coolant Interaction）を伴うため、危険な噴火事象として注目さ
れてきたが，これは観測事例の豊富な苦鉄質マグマでの知見によるものである。一方で、火道中
で発泡破砕した珪長質マグマと外来水との反応は実際の観測事例もないため、具体的な描像につ
いては明らかになっていない。 
 廣井良美論文では、外来水が豊富に存在した火口湖を有する十和田火山の歴史時代の噴火であ
る平安噴火の噴出物について、詳細な野外調査に基づく地質学的検討、噴出物解析に基づく物質
科学的検討、及び予察的な模擬実験を通じて、発泡破砕した珪長質マグマと外来水との反応によ
るマグマ水蒸気噴火の素過程についてまとめたものである。 
 本論文では、詳細な野外調査に基づき、平安噴火ではマグマと外来水（湖水）の反応が起こる
環境下、外的条件の変化がないなかでマグマ噴火からマグマ水蒸気噴火へ噴火形態が推移したこ
とを明らかにした。マグマ噴火とマグマ水蒸気噴火の異なる２つの噴出物を物質科学的な比較検
討を行った結果、噴火形態の遷移では外来水と接触する直前のマグマの発泡度が上昇しているこ
とが示された。また、従来発泡破砕した珪長質なマグマにおけるマグマ水蒸気噴火は MFCI による
マグマ水蒸気爆発を伴うと考えられてきたが、マグマ水蒸気噴火噴出物の全粒度解析からは爆発
破砕による粒子の細粒化は認められず、実際には MFCI による爆発現象は発生していないことが明
らかとなった。マグマ水蒸気噴火噴出物とされてきた噴出物の特徴は、外来水と関与することで
の運搬過程の相違で説明可能であり、それにはマグマ物質から外来水への熱輸送効率を上げる役
割として噴出物の発泡度の上昇が重要であることを指摘した。これまでマグマ噴火とマグマ水蒸
気噴火の両噴出物を物質科学的に比較検討した例は多いが、一連の噴火かつ噴火の初期条件が明
らかな噴火での検討はなされていなかったため、ここで得られた知見は火山学的にも大変重要で
ある。 
 これらの成果は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示し
ている。したがって、廣井良美提出の博士論文は、博士（理学）の学位論文として合格と認める。 
